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ABSTRACT
Introduction: Presently, it is difficult to predict
which patients are at increased risk of ongoing
pain problems postoperatively. This study
followed a group of patients from the week
before their operation until 3 months after it, to
identify potential risk variables.
Methods: Fifty-four patients undergoing
moderate-major gynaecological surgery at
Christchurch Women’s Hospital were recruited
and assessed preoperatively over an 11-week
period. At this initial assessment, participants
were subjected to a cold pressor test (CPT).
Telephonic follow-up was conducted at 6 weeks
and 3 months postoperatively, to determine
pain status. Information regarding the type of
operation and surgical approach was collected
from hospital records.
Results: Pain threshold (time taken to report
the onset of pain), as measured by the CPT, was
significantly predictive of prolonged pain
outcomes (area under the curve = 0.80, 95 %
CI 0.66, 0.95). Pain tolerance (total time taken
to end the CPT voluntarily) was similarly
predictive but non-significant (area under the
curve = 0.69, 95 % CI 0.47, 0.90).
Conclusion: The preoperative cold pressor test
shows some promise for predicting ongoing
postoperative pain. However, more research is
needed to determine the clinical significance of
these findings in larger samples and how they
could be incorporated into clinical practice.
Keywords: Cold pressor test; Pain;
Postoperative; Prolonged
INTRODUCTION
Tissue insults and the associated pain are
naturally a necessary and essentially
ubiquitous part of surgical intervention. For
most patients, this pain dissipates within a few
days or weeks postoperatively. However, for
Enhanced content To view enhanced content for this
article go to http://www.medengine.com/Redeem/
CE76F06029DD9B31.
C. MacLachlan  E. A. Shipton (&)




Department of Biostatistics and Computational
Biology, University of Otago, Christchurch, New
Zealand
Pain Ther (2016) 5:203–213
DOI 10.1007/s40122-016-0056-z
poorly understood reasons, a sizeable minority
experience prolonged (or ‘‘chronic’’) pain
problems [1–3]. These pain states have been
shown to have a large negative impact not only
on the sufferer, but on the healthcare system
and economy as a whole [1–5].
Although it is recognized that medical and
surgical procedures may lead to persistent
postoperative pain [1–3], predicting which
patients are at risk for developing chronic pain
presents an ongoing challenge [6]. It is hoped
that reliable and timely (preoperative)
identification of at-risk individuals may allow
for the development and rational use of
preventative interventions.
Much of the work to date regarding the
prediction of postoperative pain has focussed
on predicting the intensity of acute pain (pain
during the ‘‘normal’’ healing period) [7–10].
There is increasing interest in the prediction of
prolonged pain state development as well
[1–3, 6]. Most have focussed on a wide variety
of demographic, psychological, surgical, and
anaesthetic variables (in a wider variety of
settings and ways) [1–3, 7, 8]. While genetics
and neurobiology are often mentioned as
important factors, they are seldom
experimentally quantified. However, several
experimental or physiological sensory tests
have emerged, often using temperature
extremes to measure a participant’s resilience
to pain. Preoperative results of these tests have
been shown to predict the severity of acute
postoperative pain [9–12]. Preoperative pain
tests may predict anywhere between 4 % and
54 % of the variance in subjective postoperative
pain intensity, depending on the stimulation
methods and the test paradigm used [13]. The
predictive strengths reported for these
physiological tests are much higher than any
previously reported for single-factor analyses of
demographic and psychological factors [13].
Perioperative assessment of an individual’s
capacity to withstand pain could there
potentially provide clues as to their risk of
developing a prolonged pain state
postoperatively.
Experimental stimulation methods include:
the cold pressor test, heat immersion test, brief
phasic or tonic heat stimulation, cutaneous
electrical stimulation, pressure algometry,
punctate mechanical stimulation, and
induction of an inflammatory injury [13].
Supra-threshold heat pain has been found to
be the most consistent test modality [14]. The
cold pressor test provides a valid and low-risk
test for evaluating pain in preoperative patients
and has been routinely used in pain research [7].
The test is extensively documented in the pain
research and in cardiac physiology [12, 15–17].
Aims
The aims of this study included, firstly, to
determine whether or not any (or all) of the
measures recorded during preoperative
administration of the cold pressor test could be
predictive of the development of a prolonged
pain state. Secondly, factors related to the surgery
such as anaesthetic technique [18] and surgical
risk factors such as duration of surgery, type of
surgery, and injury of other major nerves [19]
were recorded as possible predictors of prolonged
pain, as these have been reported to predict the
development of chronic pain. Demographic and
psychological predictors of chronic pain have
alreadybeen reported for this cohort [8]. Thedata
obtained in this study are from the same
prospective cohort that we have previously
published from different predictors of chronic
pain [8]. In that publication, we examined the
prevalence of the transition of acute pain to
pathological chronic pain at 6 weeks and
3 months postoperatively [8].
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Common emotions experienced by patients
scheduled for surgery are anxiety and fear. High
preoperative anxiety, surgical fear, and
depression are predictors of severe
postoperative pain [20]. Less frequent factors
include a low expectation of return to work,
hypochondriasis and somatization, avoidance
coping, psychological vulnerability, and
neuroticism [20]. Participants were given
psychometric questionnaires at each
time-point [8]. Psychological questionnaires
used included the Depression Anxiety Stress
Scale-21 (DASS-21); the Brief Illness Perception
Questionnaire; the Pain treatment Satisfaction
Scale; and the Short-Form McGill pain
questionnaire [8]. We found the Brief Illness
Perception Questionnaire (BIPQ) to be
predictive of developing prolonged
postoperative pain. No demographic factor was
found to significantly predict the development
of ‘‘prolonged pain’’ [8].
METHODS
This prospective cohort study was undertaken
using a group of patients (n = 54) undergoing
moderate to major gynaecological surgery at
Christchurch Women’s Hospital, Christchurch,
New Zealand. Ethical approval was obtained
from the University of Otago Human Ethics
Committee (Health; Reference number HE13/
07), and from the University of Otago,
Christchurch Maori Research Advisor. We have
earlier described the methodology of data
collection in another paper published in this
journal [8].
Participants were approached at the
Christchurch Women’s Hospital pre-admission
clinic, within a week of their scheduled surgical
date. Once consented, participants were asked
to rate their pain (if any) on a 0–10 numeric
rating scale (NRS). Patients were classified as ‘‘in
pain’’ if the pain was directly related to the
reason for their surgery and greater than or
equal to 3/10 on the VRS. The cold pressor test
apparatus itself consisted of an 8-L bucket,
half-filled with ice, with a metal mesh over the
ice to prevent ice burns. Cold water was then
poured over the ice until it filled up above the
mesh at a level deep enough to cover the
participant’s hand. In the cold pressor test, the
water temperature was monitored (maintained
at 4 C), as a 2 C difference in temperature can
affect tolerance time and pain intensity [7, 12].
All procedures followed were in accordance
with the ethical standards of the responsible
committee on human experimentation
(institutional and national) and with the
Helsinki Declaration of 1964, as revised in
2013. Informed consent was obtained from all
patients for being included in the study.
First, the participant was briefed by the
observer on how to take the test. The test
began at the time the participant’s hand entered
the water. The participant had been instructed
to inform the observer immediately when they
first felt pain, and the time difference between
the beginning of the test and the first report of
pain was recorded as that participant’s ‘‘pain
threshold’’ [15]. They were instructed to
voluntarily withdraw their hand at the point
at which the pain became ‘‘unbearable’’—the
time between the beginning of the test and this
voluntary withdrawal was recorded as that
participant’s ‘‘pain tolerance’’ [15].
The cold pressor test was carried out before
the participant completed psychological
questionnaires. This was in order to prevent
the observer from subconsciously influencing
the subject’s performance based on their ‘‘in
pain’’ versus ‘‘not in pain’’ status, or on their
results from the psychological measures.
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Participants were aware that a test limit
existed for their safety. They were blinded to
the actual limit. For safety reasons, the test was
terminated after 4 min (240 s) if the participant
had not already removed their hand. The test
limit of 4 min was chosen to limit the risk of
tissue injury, as supported by the literature
[21–23].
Surgical and anaesthetic records were
obtained with participants’ informed consent
from the Clinical Records Department of
Christchurch Public Hospital. All relevant
factors that could be located were recorded.
These included: indication for surgery; surgical
approach; surgical duration; postoperative
complications; anaesthetic technique (general
anaesthesia or not); and medications
(intra-operative, postoperative, and at
discharge).
For the sake of analysis, because of the small
total sample size (n = 54), those in pain at
6 weeks postoperatively were combined with
those in pain at 3 months to give one
‘‘prolonged pain’’ group (n = 11) [8]. There
were eight in pain at 6 weeks. There were four
in pain at 3 months, with one patient in pain at
both assessments. There were three patients
who experienced pain at 3 months whose pain
was sub-threshold at 6 weeks.
Data were entered into Microsoft Excel
spreadsheets, then into OpenEpi (Dean et al.,
Open Source Epidemiologic Statistics for Public
Health) for quantitative analysis. The 95 %
confidence intervals (95% CI) were calculated
using the score (Wilson) method. T tests
(dependent and independent), Chi squared
tests, and others were performed as required.
Receiver operating characteristic (ROC) curves
[24] were calculated using Proc Logistic in SAS/
STAT 12.1 User’s Guide. Cary, NC, USA: SAS
Institute Inc, 2012. Wald confidence intervals
were used for the area under the ROC curves,
and comparison of these areas took account of
both areas being calculated on the same group
of patients.
RESULTS
Cold Pressor Test Results and Baseline Pain
Table 1 shows the cold pressure test (CPT)
results by baseline pain status.
The truncation of the cold pressor test at
4 min had little impact on pain threshold times
as only 2/51 patients reached this limit and
none of them developed prolonged pain. For
tolerance 12/51 patients were stopped after this
time, two of whom developed prolonged pain.
Threshold and tolerance times did not differ
significantly between those in pain at baseline
and those not in pain at that time (see Table 1).
ROC Curves for Prolonged Pain
Of the 54 patients, three had no follow-up so
could not be assessed for prolonged pain. There
were 11 patients with prolonged pain and 40
without such pain. Receiver operating
characteristic (ROC) curves were used to show
if the cold pressor test measures at baseline were
able to distinguish patients who would develop
prolonged pain from those who did not. ROC
curves plot sensitivity against the false alarm
rate (1-specificity) for all possible cut points on a
test. If sensitivity and (1-specificity) are equal,
then a test is of no use. This would be shown on
an ROC plot as a straight line joining (0, 0) and
(1, 1), and the area under the curve (AUC)
would be 0.5.
Figure 1 shows the overlaid ROC curves for
prolonged pain with time to pain threshold or
time to pain tolerance as potential indicators of
prolonged pain. Shorter times are used to
indicate prolonged pain. For example, for the
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pain threshold ROC with a cut point of \27/
C27 s, sensitivity is 8/11 = 0.73 with
(1-specificity) of 11/40 = 0.28, whereas with a
cut point of \40/C40 s sensitivity is
10/11 = 0.91 but (1-specificity) has risen to
20/40, namely 0.50. The AUC for time to pain
threshold is 0.80 (95 % CI 0.66, 0.95) which is
significantly above 0.50. The AUC for pain
tolerance in lower at 0.69 (95 % CI 0.47, 0.90)
so is higher than 0.5, but not significantly so.
The truncation at 240 s may have somewhat
reduced the AUC for tolerance. Because of the
relatively small sample size the confidence
intervals are wide and these two ROC values
are not significantly different (p = 0.19).
Surgical Data
Participants were grouped by surgical groups
according to their primary indication for
surgery or underlying pathology. Surgical
groups were as follows: excision of
endometriosis; hysterectomy; hysterectomy;
and salpingectomy and/or oophorectomy;
salpingectomy and/or oophorectomy; pelvic
floor/vaginal wall repair; and other surgeries
(in eight patients or 14.4 %). There were 36
patients (66.7 %) that underwent laparoscopic
surgeries, seven patients (13.0 %) that
underwent laparotomies, and 11 patients (20.4
%) that underwent vaginal surgeries.
Laparotomies appeared to be most strongly
associated with adverse pain outcomes [8]. It
was found that 27.3 % of those who developed
prolonged pain, compared with 9.1 % of those
who did not develop prolonged pain, had
undergone laparotomies. However, this finding
was non-significant (p = 0.075) [8].
Anaesthetic and Analgesic Data
All 54 surgeries were performed under general
anaesthesia (GA).
Table 1 Cold pressor test (CPT) results by baseline pain status
Not in pain at baseline
(n 5 26) (SD)




Threshold 57.0 (59.4) 50.8 (47.1) 6.2 (-23.0, 33.4)
Tolerance 119.6 (73.4) 112.43 (88.0) 7.15 (-37.3, 51.6)
Number who reached the tolerance
threshold (240 s)
5 (19.2 %) 7 (25 %) Total: 12/54 (22.2
%)
CPT cold pressor test, SD standard deviation
Fig. 1 ROC curves for prolonged pain with pain thresh-
old time or pain threshold tolerance as indicators
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DISCUSSION
Quantitative Sensory Testing
In the ongoing effort to predict patient
populations at risk for prolonged postoperative
pain the use of quantitative sensory testing
(QST) has shown promise [25]. These tests aim
to measure patients’ responses to, and ability to
tolerate, pain by applying one of a range of mild
to-moderate mechanical, electrical, or thermal
stimuli. The results of QSTs may be used to
define the territory and pathways of pain
mechanisms (i.e. sensory mapping), and have
also been touted as ways to identify sensory
phenotypes of pain mechanisms [26]. Despite
their popularity (likely due to their patient
palatability and practitioner convenience), the
various forms of preoperative psychometric
evaluation are not as efficient as QST in
predicting postoperative pain [27]. Key
examples of the use and effectiveness of such
preoperative stimuli are discussed, alongside the
findings from the present study.
Mechanical (or Pressure)
The intensity of acute postoperative pain in
patients undergoing hysterectomy was
associated with results from three preoperative
mechanical pain stimuli. These were, namely,
preoperative brush-evoked allodynia (pain
sensation evoked by non-noxious stimuli),
pinprick hyperalgesia (increased sensitivity to
painful stimuli), and vaginal pressure pain
threshold (p = 0.04, \0.01, and \0.01,
respectively). In addition, preoperative
brush-evoked allodynia was also associated
with pelvic pain 4 months after surgery
(p\0.01) [28].
Electrical
Regarding the intensity of acute postoperative
pain, pain threshold testing with electrical
stimuli demonstrates greater predictive power
than either mechanical or thermal stimuli
[27, 29]. The pain thresholds measured by
preoperative electrical pain stimuli were
significantly correlated with postoperative
opioid consumption and pain control
following percutaneous nephrolithotomy [29].
Preoperative measurement of patients’ electrical
pain thresholds may also be useful as a
screening tool to identify patients at high risk
of postoperative pain [29]. However, by nature
electrical stimuli may be a less palatable option
for many patients than mechanical or thermal
stimuli. This may limit its usefulness in the
context of routine screening, particularly given
that it is plausible that those most at risk would
also be more likely to refuse such a test.
Thermal Stimuli (Heat Pain)
A 2011 previous systematic review [31]
conducted a literature search of MEDLINE,
EMBASE, and meeting abstracts found 15
studies (n = 948 patients) with univariate and/
or multivariate analysis on the topic. The
authors divided the painful stimuli applied
into three main ‘‘types’’, namely, thermal,
pressure (or mechanical), and electrical pain
stimuli. The review concluded that the intensity
of supra-threshold heat pain (i.e., a patient’s
perception of pain when receiving a stimulus
inducing pain beyond their threshold)
correlated most consistently with
postoperative pain [30]. In children, a
meta-analysis of heat pain found that boys
had significantly higher tolerance than girls
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overall. In studies in which the mean age of
participants was 12 years or younger, boys were
found to have significantly higher heat pain
thresholds than girls. These findings suggest
that developmental stage may be relevant for
understanding sex differences in pain [31],
although whether the predictive value of
various pain measures regarding prolonged
postoperative pain holds true in children is
presently unknown.
Cold Pressor Test
In the present study, at baseline ‘‘those in pain’’
scored slightly lower (albeit not significantly so)
than ‘‘those not in pain’’ on all measures.
Preoperative cold pressor scores for time to
pain threshold and tolerance appeared to
predict the likelihood of experiencing
prolonged pain (at 6 weeks and/or 3 months,
although the AUC was significant only for time
to pain threshold.
Ours is not the first pain-prediction study to
make use of the cold pressor test. A study of 23
patients (16 women, seven men) scheduled for
lower third molar extraction [32] found
‘‘preoperative unpleasantness related to the
nociceptive stimulus’’ to be the best predictor
of maximum postoperative pain intensity
(adjusted R2 = 0.39, p = 0.001) [32]. A
systematic review of the use of the cold
pressor task in paediatric pain research has
been published [15]. Thirty-six papers,
involving 2242 children (aged 3–18 years)
from both healthy and clinical samples, met
the review’s inclusion criteria. Of particular
interest, the review found inconsistencies in
implementation and reporting in several
aspects of CPT methodology with significant
potential to impact observed pain outcomes.
These included the water temperature used, the
use of informed versus uninformed
time-ceilings, as well as the presence of
observers during the CPT [15]. In the present
study, water temperature was constant for all
participants (4 C), measured by thermometer.
Participants were informed that a time limit
existed for their safety, but were blinded to its
value to avoid ‘‘targeting’’. Observers other than
the researcher were rare, and were instructed to
remain silent and out of the participant’s sight
during the test.
Interestingly, one study reported that the
majority of opioid-dependent male patients on
methadone treatment were found to be
‘‘pain-sensitive’’ with the CPT [33]. Poor sleep
quality has been associated with cold pressor
pain-sensitivity as well [33].
If a way can be found to neutralise the effect
of the time limit, a preoperative cold pressor test
could prove a useful clinical tool in predicting
prolonged pain experience following surgery. In
the interest of accuracy at the level of the
individual, its predictive powers would need to
be combined with other known predictive
factors and the patient’s clinical picture.
Perceived control over anxiety-inducing
stimuli such as the cold pressor test increases
pain tolerance [16]. Given that the participant
had total control over the cold pressor test, it is
likely that pain tolerance in this test was as high
as could be for patients, except for those who
reached the 4 min limit. Perceived control has
been found elsewhere to have no influence on
pain threshold or intensity [16]. In our study, as
this perceived control over the cold pressor test
existed in the same manner for all participants,
it is unlikely that this produced any bias or
confounders in the results. It is the belief of the
authors that the cold pressor test would likely
be more palatable to patients than alternatives
such as electrical impulses. Ice-water carries few
strongly negative connotations in the popular
mind, while electric shocks, burns, sharp
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objects, and the like may provoke unnecessary
anxiety during an already-stressful time
(preoperatively).
Perioperative Psychological Risk Factors
Preoperative psychological risk factors include
high preoperative anxiety, surgical fear,
depression, and pain catastrophizing [20].
Postoperative psychological risk factors include
pain hypervigilance, emotional numbing, and
low expectation of return to work [20]. Social
and environmental factors include: lower
education, lower socioeconomic status, low
self-rated health, stressful life events, solicitous
responding from significant others, and lack of
social support [20].
Psychological factors influencing
Gynaecological surgeries are similar to those in
other surgical areas. For example, depression,
anxiety, and IL-6 have been found to exacerbate
pain during the recovery period following
surgery for a gynaecologic malignancy [34].
Another example is that it has been found
that pre-existing psychological distress needs to
be addressed in young cancer patients
undergoing female fertility preservation [35].
A recent Cochrane Systematic Review
suggested that psychological preparation may
be beneficial for the outcomes for postoperative
pain, behavioural recovery, negative affect and
length of stay [36]. The psychometric
questionnaires used frequently detected
differences between those ‘‘in pain’’ and those
‘‘not in pain’’ at given observation points. These
were from this same prospective cohort that we
have previously published in this journal [8].
We found in the ‘‘in pain’’ group, baseline
depression, anxiety, stress, and total DASS-21
scores were all higher than in the ‘‘not in pain’’
group [8]. The association between pain and
negative affect was reinforced. No direction of
causality could be directly recognised from this
data. At all three follow-up points, depression,
anxiety, and stress sub-scale scores were
associated with the pain state [8].
We found the Brief Illness Perception
Questionnaire (BIPQ) to be a potential
‘‘screening’’-type tool for the risk of developing
‘‘prolonged pain.’’ When the BIPQ scores from
the baseline assessment were compared
between the ‘‘prolonged pain’’ group and the
rest of the cohort, BIPQ scores were significantly
higher in the ‘‘prolonged pain’’ group (mean
difference 7.4, p = 0.049) [8]. Although this
difference was not large enough to precisely
predict each individual with the potential to
develop ‘‘prolonged pain’’, it could be used as a
guide for future clinical practice alongside other
predictive measures [8].
Types of Surgery
Type of surgery and surgical approach were not
significantly associated with the development
of prolonged pain, although results of previous
research suggests these associations were likely
present but undetectable due to sample size
limitations.
Surgical, Anaesthetic, and Analgesic Data
No surgical, anaesthetic, or analgesic variable
was found to be significantly predictive of
prolonged postoperative pain. However, this is
most likely the result of the number of possible
options (large) and the sample size in the study
(relatively small), as previous research indicates
significant effects for several of these variables
[8]. For example, surgery by laparotomy, which
came closest to significance in this study
(p = 0.075), has a well-demonstrated
association with prolonged pain [8]. Therefore,
such effects most likely existed within the
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present sample, but were too minor to be
detected.
Limitations of the Study
Pain that persists after healing is expected to
have taken place, or which exists in the absence
of tissue damage, is termed chronic pain [11].
Less than the optimal numbers of participants
were enrolled due to time constraints. Most of
the patients (66.7 %) underwent laparoscopic
surgeries that are of a minor surgical nature, and
would not normally have a high incidence of
chronic postoperative pain. This meant that
study power was somewhat compromised [10].
Looking at gender, women may have different
psychological issues contributing to persisting
pain apart from the surgery itself. Future studies
should look at gender neutral surgeries. Unlike
our study, most studies use a circulating water
bath to prevent stagnant water becoming warm
around the immersed hand and affecting the
result. Chronic pain is usually arbitrarily
defined as pain lasting [3 or [6 months [11].
Time constraints forced the time point at which
pain was defined as ‘‘chronic’’ to be 3 months
had little effect. On the other hand, if chronic
pain is defined as ‘‘pain persisting beyond the
accepted period of healing’’, 3 months is well
beyond this point.
Only five (9.3 %) of the fifty four patients
dropped out and only three had no follow-up at
all. This meant that loss to follow-up was not a
major issue. Telephone contact involved
multiple attempts.
CONCLUSION
Although it is recognized that medical and
surgical procedures may lead to persistent
postoperative pain, predicting which patients
are at risk for developing chronic pain presents
an ongoing challenge [1]. However, ‘‘pain
threshold’’ as measured by this test was shown
to predict outcomes of persistent or prolonged
pain. Pain tolerance followed the same trend,
but was not statistically significant.
To identify the contribution of relevant
determinants and modulators of postoperative
pain, large prospective-controlled clinical
studies are required [37]. New light is shed on
the preoperative predictive value of
preoperative cold pressor test with pain
threshold significantly predictive of prolonged
postoperative pain. Further study is needed to
develop an arsenal of tools that clinicians can
use to identify those at high risk of adverse pain
outcomes. It is hoped that in future, timely
identification of at-risk individuals may allow
for the development and rational use of
preventative interventions.
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